The usual treatment of the high-energy elastic scattering of protons by nuclei has been extended to include relativistic Coulomb corrections and a complex nuclear spin-orbit potential. With these additions it is possible to obtain a good fit of the experimental results on the polarization of high-energy protons scattered elasticalLY by carbon for small scattering angles. In addition, it is possible to deduce the sign of the nuclear spin-orbit potential from the high-energy data alone. The significance of the imaginary spin-orbit potential is discussed.
INTRODUCTION
The elastic scattering and polarization of high-energy protons qy lll2 nuclei has·been studied previously by several authors.
In this note the small-angle polarization is examined somewhat more closely. In particular, relativistic effects arising through the Coulomb interaction are calculated ands in addition, the nuclear spin orbit potential is generalized to be complex. The relativistic correction manifests itself as a spin-orbit potential, and it will appear that this additional potential has a noticeable effect on the polarization of the proton for small angles of scattering. 3
This, together with the generalization of the nuclear spin-orbit potential as complex, makes possible a good fit of the small-angle polarization data for carbon and a deduction of the sign of the nuclear spin-orbit potential from the high-energy data alone. 4 B,y limiting our considerations to small angles, we minimize model-dependent features (e.g., the shape of the potential ' ' well), which tend to be mor~ marked at larger angles.·
COULOMB SPIN ORBIT POTENTIAL
To order (v/c) the relativis~ic corrections to the Ham1ltonian 5
arising from the Coulomb potential are given by
where Vc represents the Coulomb potential and ~ is the magnetic moment of the proton. The non-spin-dependent term makes a small contribution and will be ignored. The spin-dependent terms arise from the magnetic-moment . interaction and the Thomas precession. The contribution of a similar term 
where = arg r(l+ in).
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For small angle scattering such that sin e e, one has then
This result, it may be noted~ is what one obtains from the solution of the 8 Dirac equation to the first order in n ·and (v/c).
Also it is a curious fact that, if one evaluates Ac by this methodj the usual Coulomb scattering formula as given above (Eq. (6)) is obtained. Similarly, Cc is given by
For sro.all-angle scattering (kR9 ':;::' 2) the integral may be evaluated by expanding J1(~) and using the first few terms.
It should be noted that this Coulomb spin-orbit potential can influence the small-angle scattering only. This simply follows from the uncertainty principle and the circumstance that the Coulomb spin-orbit potential is limited to the exterior of the nucleus.
CALCULATIONS
The polarization of 300-Mev orotons scattered from carbon and aluminum was first calculated in the WKB approximation, assuming a parabolic=shaped central potential, and a real-gradient-type spin-orbit 9 potential, for both signs of the nuclear spin-orbit potential, The Accurate small-angle scattering data at this energy exist for carbon and not for aluminum, so that the calculations as the.y apply to carbon will be our chief concern. 
DISCUSSION
The effect of the imaginary spin~orbit potential is to make the total imaginary potential spin-dependent. For j : J. + ~ protons, this potential is
and for j : ,R -i protons,
where w(r) is the imaginary central potential and f(r) is the imaginary spin-orbit potential. Both are assumed to be positive quantities, and the sign of the spin-orbit potential corresuonds with that chosen in the previous section. Now one must insist that > -0 (9) for all ) • otherwise the imaginary potential for j : .1 + i protons -9-UCRL-3167 would act as a source rather than a sink for these protons. Thus the form and magnitude of the imaginary spin-orbit potential are restricted by this condition. However, it is apparent that for any given f(r) ;> 0 this condition is violated for )( sufficiently large. Accordingly it would appear that f(r) must be zero and tha.t there can be no imaginary spinorbit potential. If one attempts to remove this difficulty by rr~king f(r) a function of ~ in such a was as to avoid the violation of Eqo (9), then it is apparent that j will not be a good quantum number; f and 1 2 will not commute with the Hamiltonian. It is this point, however, which is the crux of the matter. The quantities j' and 1
2 . are indeed not const~nts of the motion. We are dealing with a man,y-body nroblem, and it is the total angular momentum of all the particles which is conserved, not that of any particular particle.
Thus the necessity of an in~ginary spin-dependent potential implies the lack of conservation of the total angular momentum of the incident particle. The numerical calculations that have been made are of course not
consistent with the above remarks, since j is conserved and Eq. (9) violated. One may ask, ho\'lever, as a practical matter, of what consequence· this is. We take the potentials to be of the forms (as used in the For r sufficiently close to R this quantity will be less than zero.
Thus only the outer fringes of the potential region will act as a source of j = /,+ ! protons. It is ~nly for large J that the violation of Eo. (9) becomes of any consequence and these few high f. 
